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NUMERICAL SIMULATION OF WALL DEFORMATION IN AN ANEURYSM MODEL
Ribeiro1, J., Lima2, R., Lopes3, H., Vaz4, M., Gomes4, J.
1ESTIG – Polytechnic Institute of Bragança; 2DEM –University of Minho; 3ISEP – Polytechnic Institute of Porto;  4DEMEGI – University of Porto
1- INTRODUCTION
Aneurysms are the fourth most common cause of cerebrovascular disease in adults, after the
ischemic attacks, thrombotic and hypertensive cerebral hemorrhage. In Europe, the cerebrovascular
diseases is the leading cause of mortality (Branco, 1992). The causes for the occurrence of
aneurysms is the deterioration of the arterial wall is the hypertension. Other causes include
hereditary connective tissue disease, congenital cardiovascular abnormalities or atherosclerosis.
The most common approach for the study of aneurysms behavior is made from analysis of the blood
flow in this region and deformation produced by blood pressure. One of the key features in this study
is the definition of the arteries tissues mechanical properties. Some studies have shown that arterial
tissues have a typical hyper-elastic behavior (Masson, 2008).
2- NUMERICAL SIMULATIONS 
The numerical simulation are made using Finite Volume Method (FVM) and finite element method
(FEM) , commercial package simulation software ANSYS ®.
The numerical simulations were accomplished in two steps. In the first, is analyzed the fluid flow
inner the channel. The second, is based on the structural deformation analysis due to the internal
pressure of fluid. In Fig. 1 and 2 are represented the geometries used for both simulations
3- RESULTS
In Fig. 5 is represented the fluid velocity field in the aneurysm model.
In the Fig. 6 is shown the displacement field caused by internal pressure when fluid passes inside
the channel.
4- CONCLUSIONS
Observing the velocity profile obtained from the numerical simulation it is concluded that the velocity
increase from zero on the wall until the maximum into the center channel. If one looks at fluid flow, it
is observed that the flow is laminar over the channel. However, in the aneurysm region there is a
change in the flow conditions, passing from laminar to turbulent flow.
Analyzing the results, it is apparent that the expansion of the aneurysm is predominant at their
lateral regions and, for that reason, the greatest strain occur precisely in these areas, being the high
risk of rupture.
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In the Fig. 7 is presented the total and the Euclidean strain field components.
Figure 5 - Fluid velocity vectors. All model (a) and in aneurysm region (b)
Figure 6 - Displacement field in the channel with aneurysm: a) total displacement; b) in the X direction; c) in the direction Y; d) in Y 
direction seen in the other side; e) in the direction Z; f) in Z direction seen in the other side.
Figure 7 - Strain field of the channel with aneurysm: a) Total strain; b) in the X direction; c) in the direction Y; d) in Y direction 
(seen from opposite side); e) in the Z direction; f) in the Z direction (seen in from opposite side).
Figure 3 - Mesh used for the inside of the channel.
For fluid flow simulation was used the Fluent module of the Ansys® and for wall deformation was
simulated using the Structural module.
Simulations of fluid flows were performed for glycerol 60%, which features well known properties
and sufficient viscosity to measure the pressure drops. At temperature of 20°C, the properties of
this fluid are: density (ρ) of 1153.8 kg/m3 and viscosity (ղ) equal to 1.08e-2 Pa.s. The imposed
simulation conditions were: boundary conditions, no slip at the wall, a constant velocity inlet and the
volumetric flow rate was 300 µl/min. The mesh presented in Fig. 3 is based on CutCell method, with
an element size equal to 0.25mm, having a total of 352045 nodes and 344508 elements.
In the structural simulation was considered the PDMS material. This material has a hyperleastic
behavior, which was implemented using the numerical model of Mooney-Rivlin. The mesh used for
the discretization of outer part, Fig.4, has an element size of 0.90mm, being a total mesh form by
42898 nodes and 24045 elements.
Figure 1 - Dimensions of the inside part, for the study of fluid flow.
Figure 2 – Outer part dimensions, for the study of the mechanical behavior of the channel.
Figure 4 - Mesh used for the outer part of the channel (wall).
